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I NTRODUCTION 
Soon after the discovery of Be-aq.µ:.e.Itel rays in 1896 , t ests 
were made on ordinary matter to see if all matter were r adio-
active . Although there is evidence t o show that a l l ma tter is 
r adioactive, t o a degree and under certain conditions , i t has 
been found that t he grea ter part of the observable effect i s 
due to t races of r adioactive mater i a l per meating all ma tter 
in gener a l. Thus , radiwn and its products being t he mos t act-
ive of radioactive substanc es , t he surface of the earth i s cov-
ered ith trace s of t he se r adioac tive subs t ances but the amoun t 
varies from pl a ce to pl ace. Moreover, determina tions of radio-
activity have been made i n relat1Yely ,-few locali t i es . 
Besides the scientific interes t pe ·t a ining to r adiwn and 
its products , there is another, t he thera~eutical interest . 
It has been found that the noted European and American springs 
and ba t hs show an unusua l amount of radioactivity . Hence , the 
theory has been advanced tha t the curative proper t i es of these 
s prings are due to the r adioactivity of t he wa ter1 • 
Since little work has been carried out tn thi s par t of the 
country on the r adioactive pr oper t i es of subterranean wa t ers , 
the following problem wa s thought wor t hy of cons i deration : To 
determine t he radioactive pr operties of the subterranean water s 
of Ellis County, Kans as; to determine the relation between 
1. Ramsey , R.R. Radioactivity of Spring Water . (In 
Proc. I ndiana Ac ad . Science , p . 453, 1914). 
these properties and depth, if any; to determine the ha lf-
life period of the emanation; and, to determine the rela tion 
between the natural leak and the rela tive humidity, if any. 
HISTORICAL DATA (RADIOACT IVE) 
The discovery of radioactivity followed closely on th~t 
of X-rays in the followin g manner . The first research of 
" Rontgen showed that X- rays are produced when cathode rays 
strike the glass walls of a discharge tube . In January , 
1896 , it occured to Henri Becquerel1 that the rays mi ~ht be 
connected with the phosphorescence of the glass. He conceived 
the idea of finding out whether or not phosphorescent sub-
stances in general emitted penetrating rays of similar char-
acter, and being in possession of an extensive collection of 
such mat erial, he tried the experiment at once . The proced-
ure wa s to render a substance phosphorescent by exposure to 
strong li ght , and to lay i t on top of a photograp h ic plate 
wrapped in black paper. On the twenty-:ourth of February , 
1896 , Becquerel announced to the French Academy that he had 
obtained positive results with~ salt of uranium . In a few 
days , however , he reco gnized that the phenomenon had nothing 
to do with phosphorescenc e , since non- phosphorescent compounds 
of uranium also affected the plate . Shortly afterwar ds he 
found that uranium wa s the source of the penetrating rays 
which he had d iscovered, and coined the word r adioactive to 
describe this property . The intensity of the rays from various 
salts of uranium were f ound to be proportional to their content 
1 . Blackwood, Oswald H., et al ., An outline of tomic 
Phys i cs . p . 2O5 
of this element . Further investi gations of the radioactivity 
of uranium resulted in the discovery of many new radioactive 
I 
substances , some of which exhibit this property to such a de -
gree that their presence was disclosed by their radioactivity, 
the quan tity of these substanc e s being too small to be detected 
by any other means1 • 
The electroscope method 2 of detection was found to be 
extremely sensitive compared with that of the photographi c 
plate , and searches for other radioactive elements were under-
taken with its aid . In April , 1898 , G. c. Schmidt and Madame 
Curie announced independently the radioact ivity of thorium . 
Madame Curie then made a systematic investigation of all the 
mineral collection availabe to her, but only those minerals 
containing thorium or uranium showed activity . However , she 
noted the very significant fact tha t certain uranium minerals 
po ss e ss an activity several times hi6her than that of uranium 
metal , gram for gram . This suggest ed the presence of a new 
element more active than uranium . She and her hus band , Pi er re 
Curie, set out to isolate this element chemically . The p roced-
ure was stra i ght orward , but laborious . It consisted in trac-
ing the active su ustance, by the electrical me~hod, through 
fractionations and precipitations . Finally , at the end of 1898 , 
the Curies , to 5 ether with G. Bemont , were able to announce the 
discov e ry of radium , a very active element belonging to the 
1. Cha dw ick, J ., Radioactivity and Radioactive Sub-
stances , p • 1 • 
2 . Blackwood , Oswal d H., et a l., An outline of tomic 
Physics , p . 206 . 
second column of the periodic table and having chemical pro-
·p erti es 1 il<e those of barium , , and the other alkali earths . 
Other notable discoveries are those of actinium by 
Debierne and Giesel; of radiothorium and mesothorium· by Hahn ; 
of ionium by Boltwood, followe d closely by Hahn and Marchwal d ; 
and finally of p rotoactinium by Hahn and Meitner . Today we 
are acquainted with almost forty types of radioactive atom s 
having atomic wei ghts equal to or greate r than 206 . These 
radioactive elemen t s are liste d under three series; uranium-
radiu m, actinium, and thorium series. Tables I, II , and III 
give the series with ~heir elements , their radiations , half-
li fe period , and atomic we i ghts1 • In addition , po tas sium and 
rubidium are v e ry slightly radioactive, but concerning all 
other elements we can only say that , if they are naturally 
radioactive, the effects pro duced are very minute . 
1. Fajans, Kas i mer , Radioactivity and ~he Latest Develop -
ments in the Study of the Chemical Elements, p . 21-23. 
TABLE I 
Uranium-Radium Series 
. ame . of Radio- Symbol Half'-life .dadia- .Atomic 
element Period tion Weight 
"'.".Tr anium I ul 4.5 X 10
9 y alpha 238 . 2 
Uranium x1 uxl 24 d beta 234 gamma 
Uranium. z uz 6.7 h beta 
Uranium. x2 ux2 1.15 m beta 234 gamma 
Uranium II UII 2 X 10
6 y alpha 234 
Uranium Y UY 25 h beta 
Ionium Io 10-5 y alpha 230 
Radium Ra 1600 y alpha 225 .97 
beta 
Radium- Rd Em 3.8 d alpha 222 
emanation 
Radium A RdA 3.0 m alpha 218 
Radium B RdB 26.8 m be "ta 214 
gamma 
Radium C RdC 19.5 m (alpha) 214 
beta 
gamma 
Radium. C' RdC' -6 10 s alpha 214 
Radium. C'' RdC '' 1.32 m beta 21.0 
Radium. D RdD 1.6 y beta 21.0 
gamma 
Radium. E RdE 5.0 d beta 210 
gamma 
Radium F RdF 136 d alpha 210 
(Polonium) 
Radium G RdG ----- 208 
(Radium lead) 
y- years,, d-daya, h-hours, m-m.inutes, s-seconds. 
(After Fa Jans) 
TABLE II 
Actinium oeries: 
Name of Radio- Symbol Hal:f-Life Radia- Atomio Weight 
element Period tion 
Protactinium Pa J...2 X 104y alpha 230 
Actinium Ao 2.0 y (b-eta) Z25 
Radioactinium RdAc 10 d alpha 226 
beta 
gamma 
Actinium X: AoX 1.1.5 d alpha 2'23 
A.c·tinium- AcEm 3.92 s alpha 218 
emanation 
Actinium A AcA .002 s alpha 214 
Actinium B AcB 36.l m beta 210 
gamma 
Actinium C AcC 2.15 m a l pha 210 
( oeta} 
Actinium C' AcC' .005 a alpha 210 
Actinium C'' AcC •' 4.76 m beta 206 
gamma 
Actinium D Ao·D ----- 206 
(Actinium-
lead} 
y-years:, d-days, m-minutes, h-houra, s-seoonds 
(At'ter Fajans) 
TABLE III 
Thorium Series 
Na:me of Radio.- oymbol Hal.f-Life hadia- Atomic 
element Period tion Weight 
Thorium Th 1.5 X 101._0 y a1-pha 232 .15 
Mesothorium 1 MsTh1 6.7 y (beta} 228 
Mesothorium 2 MsTh2 6.2 h beta 228 
gamma 
Radio thorium RdTh 1-.9 y alpha 228 
beta 
Thorium X ThX 3.64 d alpha 224 
Thorium- ThEm 54.5 a alpha 220 
emanation 
Thoritlull. A ThA .14 s alpha 216 
Thorium B ThB 1-0. 6 h beta. 212 
gamma 
Thorium C ThC 60 •. 8 m alpha 212 
beta 
Thorium er ThC' (lo-11 s} a1-pha 212 
Thorium C" Then 3.2 m beta 2.08 
gamma 
Thorium D ThD ----- ------ 208 
( Thori um.~lead l 
y-years, d-days, h-hours., m-minutest s-seconds 
(Af'ter Fa.Jans} 
The tables indicate that the parent element send s ~out 
a radiation and then chan ges to a different element. This 
element gives out another radiation and transforms to the 
next element . Some radioactive elements have very long 
half -- life pe riods , while others have very short half --
life pe riods. The ele ments with the short ha lf - life 
period are very difficult t o separate because they change 
into another element before they c an be se parated . This 
tranformation of the elements explains why the y are nearly 
always found together . 
The radioactivity of water may be due to tra c es of 
radium salts dissolved in the wate r . It may be due to 
some other p roduct of the uranium- radium series , to 
radium emanation , usually, or to some p roduct of the thorium 
or actinium series , p rob ably an emanation . The· greater 
amount is usually due to r adium 6r r ad1um emanation dissolved 
1 in the water . 
In the tables of the r adioactive series , it wi ll be 
noted that when one substance cha n ges into ano ther a 
r a diation of alpha , beta or gamma rays, in some c ases 
all t 1ree , are given off . These r adi at ions ionize the 
air and render it conductive . The conductivity of the 
air becomes a measure of the r adioactivity of the sub-
st an e . This is proportional t o j the r a te a t which a 
1 . Ramsey R. R. Radioactivity of Spring Wate r . (In 
P roc. Indiana Acad . S c ience , p 454 , 1914) . 
charged body loses its charge. 
"The alpha rays oonsist of a stream of 
positively charged particles, each of which 
has a mass of four times that of the hydrogen 
atom and a positive charge of two electronic 
unites. It is in fact, an atom o,f helium 
stripped of its valence electrons. The beta 
rays are also oorpuscular in nature, being 
negative electrons moving with high velocity. 
They are similar to t~e cathode particles in 
a discharge tube. 'l'he gamma rays are of secon-
dary importance, being regarded as an ac,c,ompa-
nimen t of the emissiion of alpha and beta 
particles . 'i'hey are s:imilar to X-rays. A 
Radioactive substance may be defined as one whilh 
emits spontaneously an alpha o,r beta radiation!' 
A given sample of radioactive substance sends out a 
definite number of alpha, beta, or gamma rays . 'l'he 
number of ions which can be produced in a given volume 
of' a gas. at a fixed tempera ture and pressure is directly 
proportional to the number of ,rays present. If saturation 
voltages are applied across the gas, all ions produced 
will be drawn out, due t .o oppos.ite attrac ion. Hence, the 
ionization current is directly related to the number of 
grams of radioactive substance present . For example, 
one gram of radium emits 3 . 45 x 1010 alpha particles per 
second, each of which produces roughly 1.74 x 105 ions, 
-10 whose individual charges are 4.77 x 10 e. s. u. If all 
of these be drawn over to the plates of an ionization 
1. i.!hadwick, J'. j. Radioactivity and .riadioactive 
Substances , p. 3. 
chamber the resulting current ~ ill be 9 . 6 2 -4 x 10 amp r es . 
In an electroscope , whose case a cts as one plate of an 
ionization chamb e r and its leaf as the oth~r plate , ions 
will be drawn to the leaf , if negatively c ha r ge~ , neutral-
izing its charge and causing it to fall at a rate pr o-
portional to the amount of c.!. Ctiv e substunce caus ing tne 
ionization . Thus tl e int ensity of a r adioact ive substance 
can be measured1 • 
The unit of radioactivity, cal l ed the curie , afte r 
Madame Curie , is based on tn e mass of an a ctiv e substance . 
s defined by the Radiology Cong r ess in Brussels8 in 
1910 , the curie is 11 The amount of emanation i n equi -
librium with one gram of pur e radium . 11 This oc cupies 0.61 
cubic millimeters (at standard pressure and t empe r a t ure) , 
and has a ma Ds of 6 . 04 x 10-6 g rams . The Int ernationa l 
radium standarc o onsists of 21 . 99 mil li rams of specially 
purified radium chloride prepared by Madame Curie and 
pr-served a t the Bureau Int ernationa l des Poids et 
Mesures at Sevres n ear Paris , Fran c e . Ano t he r unit of 
ra.dioacti vi t y int ensity sorneti11es used i s called the 
Jache unit and is based on ionization currents . It is 
defined as one tnousand tim es the saturation current due 
to one curie of emanation with ou t disintegration pro-
ducts when al l the radiation is absorb ed in t .. e air of 
1 
the ionizing chamb er . The Ma che unit is equa l to 3 . 64 
x 10 - lO curi e s . 
1 . Hoag , J . Barton , Electron Physics , p . 121 
Proportionately , t he alpha rays p ro duce about l00fo 
the beta rays ~bout l . ~ , and th e gamma rays a bout . 01~ 
or the ion i zation2 • The gamna rays are so penetrating 
that the absorption of t hem in gases is v~ry small and 
they will pass through several millimeters of lead . The 
beta rays will not pass through two 1·1i l 1 i meters of lead , 
but th ey puss throu gh gases eas ily . The alpha rays will 
not pass thro Jgh any solid to any exten t and tLey are 
r ead ily a bsorb ed by gases . 
From th e above facts it i s. n e c essary to have thr;e 
kind s of e lectroscop es ,- one to measure t e alpha rays , 
anoth e r to measure the beta ray s and a third to measure the 
gamma rays . The only d ifference i n tne construction of 
the electroscopes l i es in tne filter through which the 
rays pass b e for e ent er ing the electr oscope proper . In 
the gamma r ay e l e ctroscope t 1e r ays r .ss through two 
millim e t ers of l ea d so that t he alpna and beta rays are 
shut out . In the beta ray e l e ctros co pe the alpha rays 
are shut out , but the gamma r ays a r e not . In the alpha 
ray e lectroscopes , a ll tne rays are present but about 
99fo of the rays are a l pha r ays . Thus , for v3ry w1::al{ 
radioactive bodies t he alpha ·r ays are used to produce 
the ionization. 
Radium emanation was discovered in 1900 by Dorn1 and 
---------------------------------------------------------
1 . Hoag J . Barton , "El ectron Phys ics , 11 p . 121. 
2 . Ramsey , R. R., Radioactivity of Sprin& Wa t e r , 
(In Pr oc . of Indiana Acad . Sci .nee , p . 454 , 1914). 
it is known as radon or niton . It is a st rongly r adi oa ctive 
•gas always appearing in snall'amounts. Chemically the gas· 
is i nert like the rare gase s . It possesses a characteristic 
s p ectrum, can be li quefied and boils unde r normal pressure 
at - 65°C . Ramsey and Gray1 , using a special mic ro- balance , 
wei ghed a measured volume of the rad ium emanation and thus 
de termined it s density . They found it s atomic weight to be 
223 . Actinium and t horium also have an emanation of atomic 
wei bht of about 218 and 220 respec tively. These three emanat-
ions, p robably isotopes, could be present in the emanation 
coming from the water tested in this problem . 
From the tables of the radioactive series it is seen that 
the d isintegrated product of radium is emanation , a gas , which 
g ives off alpha parti cles and changes into Radium A. Radium A 
has a half-li fe period o f thr ee minutes and d i s inte6rate s, with 
the expulsion of an a l pha particle into Radium B. Radium B has 
a half-li fe period of 26 . 8 minutes and it g ives off beta and 
gamma radiations when changing into Radium c. Radium Chas a 
hal f-li fe per iod of 19.5 minutes , g iv es off alpha , beta and 
gamma part i c les, and chan6 es into Rad i um c2 and Radium D. Rad -
ium D has a slow half-life period of 1 6 . 5 yea r s . This is so 
slow that the ionization produced by this chan~e can be neg-
lec t ed in comparison with the others . Thus , aoout three hours 
after the emanation has been placed in a vessel , we have Radium 
-------------------------------- -------------------------------
1. Fajans, Ka simer , Radioactiv i ty and the Latest 
Developmen t s in the Study of the Chemical Elements , p . 11. 
m. chang ing t h r ou gn the in te r Qed i at e produc ts into Rad i um 
D g iving off t h ree a lpha par tic l e s , one f r om Rad i um Em .; one 
fro c Radium A ; and one fr om Rad ium C. This c owpl ex rad i ation 
h as af t e r a few hour s tne half- life pe riod o f th e longes t 
of t n e EB r ie s , wh ich i s tha t of Radium Em ., 3 . 85 days . Thus , 
if a qu antity of r ad i um emanati on gas i s pla ce a i n an 
electro s co pe t he r at e o f l eak of t e el e c t r oscoJe in-
c r eases for t h e fir st th r ee hou r s and then sl owly aecreases , 
dro ppin g to one - h alf va l u e of th e ma;. i mum i n 3 . 85 days 
fr or t h e t ime i t r e~.che d t h e meax i rnu • Th e cu r ve taken 
f r om Rams ey , Fi g . 1 , shows how the a c t i vity i Lcreases 
for r ad ium enanat i on and i ts pr oauc ts . I n like llianne r 
t h e a ctin ium and tnor i un emanat i on can be traced . Fi g . 2 
sh ons ho\'/ t h e r ad ium e illanati on dec ays to hc..lf - 1 · fe vah:i.e in 
a pe r io ci of 0 . 8 1 days . 
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HISTORIC. L D~ TJ ( GEOLOGICAL) 
Ellis Cou ... ty i s onl y a short d i stance we.c,t a11d north 
of t1-e center of Kansas . It i s a pproxi 1ately 30 miles 
square and contains about 576 , 000 ac r es . Ellis County 
lie s at tne ea stern margin of the High Pl anes . Its 
characte ri st ic topogra~h ic features are broad , relatively 
fl at upland benches , deeply incised b tne main d r ainage 
channels , which flow east . The &l ti tude of the surfu.ce 
above dea level ranges between 2 , 400 feet ne~r the south-
,est corner of t ... e county to 1,700 feet in the nort -
eastern partl • 
. 10st \,ate r \tells in this county are le.::is than 100 
feet ee p . If no water is foui.d here , the wells ure 
rilled to the Da ota sandstone where tlle v,ate r is ver hard 
and is used only for stoclc . The water i i, the wells less 
than 100 feet in depth is not as hard a.s t 1at found L1 t11e 
Dakota sands tone , and is used for domestic pu r poses . 
The Dakota sandstone varies in e .. ·th fror., the :c;Urfc..ce fro1u 
a few feet i n t ~e southeast corner of the cou1 ty to about 
650 feet i n t 11e west e .;e of the county . Fro 11, t h e lo.;s 
g iven by Bass 2 , it is seen that tl1e layers of i:atera~e 
in certain for~ations . 1hen fresh (softer) waters are 
i nt e r ocks above t e Dakota sandstone . 
-- -- ------- ------------------------------------------------
1. Bass , li . 1,v . , J-e ol og ic Inve "'t ibat:ons in 1,estern 
lfo.nsas , p . 1 - 50 . 
2 . Ibid . p . 08 . 
There · iay be severa l layers of imter in the Dakota sand-
stone . The next in line is the Gir.arron group , which is 
about 1000 feet fror.1 the surface . The next water is found 
in tt1e ~/abaunsee formation ·1hich lies about 2 , 700 feet 
under the surf ace . Belor.r tne 1iabaunsee for1i1ation t~1ere are 
several lavers of water and oil . ~ost of the oil is acc -
ompanied by water and th e y are pumped together from the 
ground . 
There are three "pays" of oil in this county . The 
first pay is known as t11e Topeka pay , wh ich is about 3100 
feet be l ow the surface . Very fe\/ .,ells find en<.,1.;i_6h oil to 
11 produce 11 from this pay , so they are drilled into t e next 
pay , nhich is the 0sv1ald . This pay is cl.bout 200 Lt:t belon 
the Topeka pay . • bout one - half the producing 11,ells in this 
county are in this pay . The oil froL t 1is foniation i.s 
ace om Jan ie d b:"/ ct smal 1 d.l otmt of 1.,a te r . Be lo~, t~.e us :ald 
pay is tne Siliceous . This is the last pay and is usua:~y 
about 200 feet below t'1e ·swald. The oil fror. tue h.tter 
pay is accompanied by a great dectl of wat-r . The depth of 
the watar and sandstones \9.ries in uifferent parts of the 
cm.mty . In some \,ells , some of these r1aters vere c,bse1it cl.nd 
others present . 
APPARATUS 
The appa r a tu s used i n t his work cost sconsiderable if 
b ought f r om t he manufactu r ers . Howeve r , i t is ve r y simple 
and can b e made in a l most any laboratory from bits of scrap 
mater i a l s . The wr i te r will describe one which was made 
i n t he l ab ora t or y at a v~ry small cost , compared with 
t hose on t he marke t. The ap paratus used i s similar to that 
us ed by Ramsey 1 i n his work on the Radioactivity of Spring 
Wa t er . 
The elec tros c ope proper w s made up of two parts , the 
emanation chamber and the box containing the leaf , (Fig . 3) . 
Th e e mana t i on c hamber , C, comprised a circular cylindrical, 
c a n s eve n c en t i meters in diameter and 13 centimeters long . 
Its li d must be fitted tight l y . Two small brass stop-cocks 
we r e solde r ed i nto the s i des of the can , so tnat the emanation 
c ou ld be pumpted in t o the chamber . One stop- cock was near the 
bo t t om a n d the other near the top , so tnat the emanation will 
circulate within the can . The rectangular box containing t...ie 
l eaf was 10 x 10 x 1 5 c entimeters . I t was made of tin with 
t he bo tt om so l dered fas t and with tne lid fitting tibntly . 
Two wi ndows wer e cu t i n the box to enable one to s,e tne leaf . 
Th e se ape rtu r es were 8 x8 cent imeters and about two centimeters 
f r om t he bot t om . I n the side of the box a hole was mdde so 
-----------------------------------------------------------
1 . Ra msey , R. R., Radi oa c tiv i ty of Spring "Va ter , 
(In Proc . I nd i a n a Acad . Sci enc e , p . 453 - 470 , 1914) ~ 
C 
E 
,--- --
1 f,-L-1 ................................. +-'--....................................... 
I L _________ _ 
Fig . 3. Electroscope and Bmanation Gan. 
that an insulated charg ing contact could be inserted. ~be 
top of the box and the lid of the emanation chamber were 
soldered together . A hole passing throuh the center of 
both was fitted with a metal cylinder about t wo c,entime t er s 
in diameter and about one centimeter long. 
The rod that extended into the emanation chamber was 
a thin copper wire,- necessarily small compared with t he 
size of the metal cyli~der. The smaller the wire and leaf 
system, the smaller the capacity of the electroscope and 
the more sensitive it will he. '!'he rod extended into the 
emanation chamber 11 centimeters and through the metal cy-
linder far enough s·o that a c-opper plate could be soldered 
onto the lower end. This copper plate was five millimeters 
wide and long enough to extend down past the windows in the 
box. The copper plate having been fastened to the rod, the 
latter was inserted into the cylinder above and held in 
place by a cork. Melted sulphur was poured into the other 
end of the cylinder. In melting the sulphur care was use d not 
to get it too hot or to burn it. 'l'he melted sulphur was a 
clear amber liguid (if it lakes on a waxy appearance due to 
over-heating it should be di scarded). After the sulphur in 
the cylinder c·ooled for several hour s, the cork was re move d 
and the other end of the cy linder f"illed with melted sulphur. 
The sulphur served as an excellent insulator. 
For the charging contact a small copper wire was use d . 
It was bent so that it touched the tnsulated rod at one pos-
ition and the case in another position. The contact wire was 
insulated and fastened in the hole in the side of the box 
with melted sulphur. 'I1he sulphur insulators were kept 
free from dirt and moisture at all times. In case they 
became dirty they were cleaned by removing the dirty part 
with a knife . lf the insulators collected moisture, they 
were renewed. 
The front window consisted of a piece of ordinary glass 
of single thiclmess. Small tin clamps were soldered onto 
the box to hold the window in place . A contact plug was 
soldered on the side of the electroscope so that it could 
be connected to the ground . The back window was made of 
paper . A very fine scale was drawn on the paper and the 
latter was then placed in melted parafine before being stuck 
over the opening. The melted parafine served a two-fold 
purpose , first it made the paper transpar ent and second, 
it served as a:n adhesive for fastening the paper to the box. 
The next step was to mount the leaf. Using Dutch foil, 
the leaf was made about one millimeter wide and four centi-
meters long . 'the foil was cut between sheets of grease-
free paper with a pair of sharp scissors. ~he leaf was 
glued to the small copper plate at the end of the insulated 
rod. Gold foil is the best foil for leaves, but it is very 
difficult to cut and mount . Aluminium foil does not serve 
so well because it is rigid and does not swing freely, 
(but goes in jerks across the scale.) The electroscope 
was rebuilt several times before it proved satisfactory . 
An ebony rod rubbed on wool was used to charge the 
electroscope. 
The shaking can ~Fig. 4) was a gallon can with two 
screw caps on the top. The can was fitted with two small 
stopcocks, one in the top of the can and the other about one-
third the distanca from the bottom. A thermometer was in-
serted through one of the screw c aps in the top of the can. 
The lower stopcock was so placed that there ms about twice 
the volume above it as below it. Rubber tubing was used to 
connect the emanation chamber to the shaking can. A small 
rubber bulb pump was connected in the tubing, so that the 
gas could be pumped from one can to the other. 
The lamp~ used to ill~inate the scale was a small 
six-volt ~oint-o-lite covered so t hat the light fell upon 
the scale. The source of illuminat;on was kept constant and 
about 20 centimeters from the scale. The reading telescope 
was placed at the other end of the table, a distance of three 
meters from the electroscope. The other apparatus comprised . - ' 
thermometers, glass cylinder, psychrometer, ebony rod, piece 
of wool or fur, voltmeter, wires and a source of direct current 
yar~ing from zero to 132 volts. Fig. 5 shows a sketch of the 
assembled a~p~ratus, while Fig. 6 is a photograph of the 
entire set-up. 
Fig. 4 . Shaking Can . 
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Fi g . 5 . Apparatus Assembled . 
Fig. 6. Photograph of Entire Set-up~ 
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CJU.IBRATION OF ELECTROSCOPE 
The instrument was calibrated by connecting it to 
known d. c. potentials (Fig. 7) and not-ing the deflections 
of t~e leafl, the negative terminal being connected to the 
leaf. Readings of the leaf-deflection were taken every few 
~olts from zero to 132 and fig. a plotted. Table IV 
gives the values for this curve. Reading& were taken for 
increasing and decreasing voltages. The sets of 
deflections check~d very c~osely~ _ For h!~her deflections 
the following procedure was followed: the leaf was 
- - -
~harged _to maxim~m voltage by me ans of ebony rod rubbed 
on wool. A sphere of small capacity, small compared to 
' - . 
the ca:pacity of the electroscope, (1.26 om. in this case) 
was mounted on an insulated handle. 'llhe sphere was 
grounded and then touched to the charged system. The 
sphere was removed, grounded and the position of the leaf 
noted. The leaf fell beca~se pant of the charge was 
t~eni .. o!h.· .. This operation was repeated until the leaf 
fell to zero. If C~ is the capacity of the electroscope, 
and ·C is the capacity of the sphere; 'f, the quantity of 
electric:ity on the electroscope; v1.J V2 is the 1st., 
2nd.,----potential of the leaf; d~d2 is 1st., 2nd., 
------deflection of leaf, 
-------------------------------------------~------~~~------
l... Ramsey, R. Rl, ~'Radioactivity of Spring Water, 
(In Proc. Indiana Acad. Science~, P• 463t; 1914). 
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Fig . 7 . Connection of Apparatus for Calibrat ion of Leaf. 
'l'ABLE IV 
Direct Current Calibration Values 
Voltage De1"lection 
0 0 
25 0 
46 J_ 
66 2 
87 3 
11.0 4 
132 5 
131 5 
110 4 
88 3 
66 2 
50 1 
25 0 
0 0 

then~ Q1= CV1 = (C + c)V2 
Q2 = CV2 = (C + c)V3 
Qn = CVn = ( C '1' c~Vn + 1 
C + c ;;;; .YJ.. = Yz =;= .Yn •. 
C v2 V3 Vn~l 
The l ast three or four deflections were on the part 
of the scale already calibrated, t hat is, the potenti a ls were 
less than 132 volts. Vn and Vn~l were found by comparing 
with dn and dn~l on the calibrated curve, Fig. 6. 
Since, _ Vn-1 
vn 
then, Vn-1 was _ca lcul a ted. Vn-l being kno wn , then Vn_ 2 
was calcula ted. In like manner all t h e Vs were determined 
up to V0 • These results are given in Table V. Kno wing V 
and its corresponding deflection, d, Fig. 9 was plotted. 
In the same equation if c is known, t ha t is, if c is 
a spherical condenser, then C can be obtained. Th e capacity 
of the spherical condenser, c, is equa l to i t s .r adius in 
centimeters. c. is the capa city of the "leaf" system plus 
the charging system . Knowing t he sum, t h e capacity of the 
"le a f" was obtained by getting a ratio of t he t wo capacities, 
C + c ana c, by an opera tion si mila r to the above. The 
1 . Ramsey, R.R., Radioactivity of Spring Water, 
(In Proc . Indiana Acad . Science, p. 463, 1914). 
TABLE V 
Statio Cur-rent Determined Values 
Voltage Deflections Av . Defl. Vin volts C in cm. 
vl 29.0 30.0 29.0 29.5 792 1.91 
v2 l.6.0 17 .o 16.0 16.5 485 1.98 
v3 10.5 10.5 9 .5 10.0 295 1.97 
V4 6.7 6.0 6.Z 6.5 180 1 .99 
V5 4.0 3.5 4.0 4.0 110 1 .96 
V 2.0 2.0 2.0 2.0 67 1.97 
6 
V7 l.l. 0.5 1.1 1.0 46 
Vg o.o o.o o.o o.o 

value of C is given in table V. Several leaves were made 
and mounted before the tests were made . Each leaf was 
calibrated and the capacity of the electroscope determined 
every time a change was made. 
To standardize the electros cope, one of t wo methods 
was available. In the first, a standard solution i s boil-
ed, and the expelled gas collected over mercury. 'I'he gas 
is then dried and introduced into the electroscope, after 
which the ionization current or leak of the electroscope is 
noted . Other samples can be compared vd th the first by 
putting them through the same process and comparing the 
leaks. The Bureau of ~andards at Washington is prepared 
to standardize radium solutions by comparing them with a 
standard in their possession1 • 
If no standard solution is at hand the electroscope 
may be standardized by using Duane's empirical formula1 , 
when, i0 e = curies, -------------~- ---
2 . 49 x 1 06 (1-0.517S/V) 
or, e -
6 . 31 x 1 06 ( l-0.572S/V) 
Where1 e= amount of emanation in the electroscope. 
' 
curies . 
1. Ramsey, R.R. Radioactivity of Spr ing Water, 
(In Proc. Indiana Acad . Science, p . 459 , 1914) . 
i 0 m initial current expressed in e.s.u. 
imEx = maximum current (current at the end of 
three hours) expressed in e .• s. u. 
S = inside surface of ionization chamber of 
electroscope in cm2,. 
V = volume of ionization chamber in cm3 . 
This equation applies to a cylindrical ionization chamber 
with a central rod. 
The ionization current, i, is measured by knowing 
the capacity, C, of the electroscope ; the change of 
potential, dV, of the insula ted leaf sys tem, in the time, 
t; according to the equationl. 
i = CdV 
t 
1. Ramsey, R.R., Radioactivity of Spring Water , 
(In Proc. Indiana Acad. Science, p. 459, 1914). 
COLLECTING WATER SAMPLES 
The water was collected in one-gallon jugs from 
the various wells . In the 'ells being drilled it was 
taken out of the bailer. In some cases the water was 
allowed to stand for a few minutes to let the mud settle 
out. Care was taken not to dip the water with a small 
vessel when it was being placed in the jugs, because, if it 
were , some of the emanation would escape. Hence, the 
water was poured _in the jugs as cautiously as possible. 
Water samples from the producing wells were taken with the 
oil a s pumped from the well and allowed to stand until the 
water settled, then a siphon was used to put the water 
in the jugs. In other cases the water was taken from the 
separators. With each sample of water, the depth, the 
location, and if a producer, the pay was obtained from 
the workers. It was difficult to obtain water from wells 
in the process of being drilled becaus e the times of 
drilling operations are uncertain. Furthermore, oftimes 
there was not water in the hole being .drilled. In 
other cases it was necessary to wait from several hours 
until the bailer was lowered into the well to remove the 
water . The samples were taken to the laboratory the 
same day they were obtained and the test made within 48 
hours. If allowed to stand in jugs for some time, the 
emanation would not be a true sample of the emanation from 
the well. 
After the ~lectroscope was calibrated and standard -
ized, the next step was to find the volumes of air and 
water in the shaki ng can . To do this the can was filled 
with water , then it was drained out of the lower stop -
cock and we i ghed and measured , pains being taken to have 
the water run out t o the same level each time . This 
procedure was repeated sev er a l times and the average 
taken for the volume of air in the shaking can . The 
volume was found to be 2 . 235 liters. Next , the volume 
of water in the shaking can was determined . The can was 
filled above the level of the lower stopcock, placed on 
a ievel surface and allowed to drain until the wat er was 
level with the stopcock. Then the water remaining in 
the can was weighed and measured . Th s volume averaged 
1.545 liters . The volume of the pump, tubes and connections was 
determined by measurements and also by filling them with 
water and finding the volume of wat er contained by them. 
This volume was found to be 224 cubic centimeters. The 
volume and surface of the ionization chamber were de-
termined by measurements and calculations . The surface 
was 363 square centimeters and the volume was found to 
be 497 cubic ce~timeters . 
The el ectroscope was set on a box near one end of a 
l ong table and connected to ground . The six- volt lamp 
was p l aced back of the electroscope so that the scale 
was illuminated. At the other end of the table the 
telescope was adjusted to read the deflection of the leaf. 
When readings were to be ma de, the leaf was charged for 
several minutes before the readings were made. ~he lamp 
was lit several minutes before the readings were taken 
so that the air currents, due to heat, would remain 
constant. 
The water to be tested was filtered to remove the 
dirt and oil. It was then poured into the shaking can, 
to a point above the lower stopcock and allowed to drain 
out until it beoame level with it. Also , s·ome of the 
filtered water was placed in a deep glass cylinder so 
that its density could be determined. 
Two different methods of procedure were employed to 
expel the emanation from the water samples,-one, a 
shaking method; the other, a boiling method. In one 
instance a certain sample was divided into two parts, 
to one of which the shaking method was applied and to 
the other the boiling method . It was later learned that 
a combination of the shaking and boiling methods gave 
the best results, as far as the extrusion. of eman-
ation is concerned. Hence, a combination of these methods 
was employed throughout this investigation. 
The water in the shaking can was heated to 95 degrees 
centigrade, the st opcoaks being closed before the heat 
was applied. A thermometer vras i nse r"ted i .J. the smal 1 
hole in the top of the shaking can, so that the tempera-
ture could be r ead. After heating the water , it wo.s 
cooled to room temperature in running water . The cooling 
of the gas before being placed in the electroscope , 
eliminated two errors; first , it took most of the moisture 
out of the gas; and second , it c:i oled the gas to room 
temperature, thus avoiding spurious ionization effects . 
Had the gas been placed in the electroscope while hot , it 
would have had greater ionzing power than the same gas at a 
lower temperature1 • After the gas was cooled to room 
temperature it was pumped through the emanation chamber 
for two minutes , so that it became well mixed with 
the air in the tubes and emanation chamber . 
A complete set of ionization observations for a 
given sample of gas required three .ours for completion 
and involved two sets of readings of ten- minute periods, 
one at the beginning of the three-hour period, the other 
at the close . The leaf was charged to near maximum 
defl ection and the charging contact was grounded through 
the case of the electroscope . The deflection of the leaf 
was noted , as was aloo the time . AT the end of ten 
minutes the deflection was again noted and recorded . 
After the first set of readings was completed the leaf 
was grounded and the gas was allowed to stand in the 
--------------------------~---------------------------
1. Starl i ng , Sydney G., Electric i ty and Magnetism, 
p . 566 . 
emanation chamber for three hours at the end of which 
readings were again ta.ken and recorded. The leaf was 
charged to about t he same potential each time. The room 
was darkened so that the light intensity would remain 
constant, and the other physical conditions of the room 
were kept as nearly constant as possible. 
The t emperature of the gas was taken when it was 
placed in the emanation chamber. After the two sets of 
readings were taken, air was pumped through the emanation 
chamber for thirty minutes to remove the gas. The electro-
scope was allowed to stand for two hours before the next 
sample of water was t ested . The natural leak of the 
electroscope was taken before every set of readings, and 
this was subtracted from the leak due to the gas put in 
the electroscope. The humidity of t he air was determined 
by means of a sling psychrometer in conjunction with 
weather bureau tables1 • The density of the water was 
then reduced to a oonstant temperature density. 
To find the amount of emanation in the emanation 
chamber, the defiections were substituted in the equations 
given under "Calibration of Electroscope'! Hence, to 
calculate the azoount of emanation per liter of water , 
--------------------------------------------------------1. Marvin, Charles F., Psychrometric Tables , 
(u. s. Department of Agr iculture, W~ather Bureau, No. 
235 , P• 57-81 , 1915)• 
the following formulal was used. 
E = 1 ( V24-0r:Cl1 
Vl (---J ~V2 • !3 ' + V4~ e, 
V1 . V 
Where V1 = Volume of water in sha.kin! can, expressed 
in liters. 
V2 == Volwne of air in shaking can, expressed in 
11 ters.-
V3 
Volume of bulb, pump, and connect ion tubes. -
V4 = Volume of ionization chamber. 
CC == Absorption coeffioent of water for radium 
emanation (taken from Fig. 10). 
e == Amount of emanation in v4 • 
E _ Amount of emanation per 'liter_· of water . 
To determine the half life of the emanation some 
water was heated and the gas plac~d in the emanation 
chamber and allowed to stand for three hours. Then the 
leaf was aharged for 15 minutes before the reading was 
taken. The fall of the leaf was noted during one hour 
and recorded. The leaf charge was then removed and the 
gas allowed to stand in the emanation chamber for twelve 
hours, then another reading was taken . This procedure 
was followed for s everal days and the results are given 
in Table VI. From these results Fig. 11 was abtained . 
-------------------------------------------------------
1. Ramsey, R. R., Radioactivity of Spring Water , 
(In Proc. Indiana Acad. Science, 1914, p. 465). 

One mut:1t a evelo 
t 1 sfr to.ry nd 
great a ea. 
tant r ult 
of t hniq u :fo1 
n e obtained . Thi 
t hni que mu t e oqui'red through oraot ice uud e 1 r 1 no 
with the appa atue . 
TABLE VI 
Half-lire Period Curve Data 
Leaf Drop in mm. Time in Days 
6.0 o.o 
4.9 0.5 
4.3 1.0 
3.4 1.5 
3.0 2.0 
2.6 2.5 
2·.2 3.0 
1.8 3.5 
1.5 4.0 
1.2 4.5 
1.4 5.0 
1.1 5.5 
.7 6.0 
.8 6.5 
.6 7.0 
.4 7.5 
.4 8 .0 
.4 8 .5 
.5 9.0 

RESULTS 
The results obtained are given in Tables VI, VII, 
and VIII. Table VI gives the leaf drop in millimeters, 
for a period of one hour, with the time in days. The 
amount of emanation per liter at the beginning of the 
three-hour period, at the end of the three-hour period , and 
the average emanation in curies per liter are given 
in Table VII. Table VII, also gives the number of the 
well, location and depth. Table VIII gives the 
well number, humidity of the air in the room natural 
leak of the electroscope, temperature of the gas whe n 
placed in the emanation chamber, density of the water, 
the name of t he water , and the condition of the weather . 
Some of the constants of the apparatus were as 
follows:: 
C = 1.26 cm. - capacity of small s phere . -
C = 1.96 cm. = capacity of electroscope. 
V1 = 1.545 liters = volume of water in shaking can. 
V2 = 2.235 liters = vo l ume of {:l;ir in shaking can. 
V3 = 224cu. cm. = vo l ume of bulb, pump, and con-
nection tubes. 
V4 = 497 cu. cm. = volume of ionization chamber. 
V = 497 cu. cm. = volume of ionization chamber. 
s = 363 sq. cm. = inside surface of ionization 
chamber. 
TABLE VII 
Emanation .l!ound 
Well Location Depth in ~ox 10-12 E X l0-12 Av. Ex 10-J 
no. feet max 
curies/1. ouries/1.. c-uries/1 . 
1 Sl.?-Tl5-Rl8 1 3300 17,01.8 17 ., 295 17,156 
2 Sl7- Tl5- Rl.8Vf 2385 18,700 20 , 210 19,450 
3 S17- Tl5-Rl8W 350 47,.300 26,120 36 , 710 
4 . Hays City 20 21,.850 11.,860 16,855 
5 Rain Vlater 1.2·, 560 27 , 250 19,905 
6 S5-Tl2-Rl7W 3675 22 , 580 10,310 16,445 
7 S32-Tll-R17W 3500 39,039 29,011 34,025 
8 S7-Tl.2-Rl7W 3732 47 , 464 86,735 67,100 
9 S3- Tl4-Rl7W 3300 8,.760 74,384 41,572 
10 S9- Tl3-Rl9W 3325 151,050 68,685 109,869 
11 S9 - Tl3- R20W 361.5 16,78n 11.6,886 66,826 
12 S9 - Tl.3- Rl9 f 64 84-,656 26,553 55,605 
13 S14- Tl3- Rl7W 36 88,862 25,4.34 57,148 
14 S9-Tl3-Rl9W 3540 98, 852 106,1?3 102,513 
15 Distilled H2o 000 000 
000 
(Continued next page} 
W.ell 
no. 
16 
17 
18 
*1-9 
20 
21 
22 
23 
24 
25 
26 
27 
28 
TABLE VII (Continued} 
Location Depth in Eo X 10-l2 ~X X 10-12 Av.EX 10 
feet 
Curies/1. Curies/1. Curies/1. 
S24-Tl4-Rl?W 285 59,981 40,456 
S24-Tl.4-Rl?W 580 57,186 51,51-6 
S?-Ti4-Rl6W 40 22,016 42,278 
S7-Tl4-Rl6W 40 22,263 17,550 
S8-Tl4-Rl7W 40. 21,646 25,596 
S25-Tl4-R18W 28 43,018 25,434 
S24-Tl2-Rl9W 180 8,450 10,563 
S9-Tll-Rl ? W. 25 17,0?3 16,,8?0 
S2:L-'1'11.-Rl ?W 3350 37,912 49,831 
S24-Tl2-Rl9W 600 16 ,832 16,632 
S35-Tll-RlSW 90 16,966 8,383 
S6-T1-5-Rl8W 3350 29,?22 25 ,41.0 
S:L7-Tl5-Rl 8\Ff 3560 25,333 58,212 
*- Same water as ff l8 with the shaking method applied. 
E
0
- Emanation at beginning of three-hour period. 
E - Maximum emanation at end of three-hour period. 
max 
50,218 
54,351 
32,12G 
19,906 
23,621 
34,228 
9,506 
16,972 
43,872 
:16,?32 
12,675 
2?,566 
42,773 
-
well Humid-
no. i ty o/o 
l 56 
2 52 
3 55 
4 53 
5 55 
6 58 
7 58 
8 58 
9 61 
10 50 
11 36 
12 39 
13 46 
14 44 
15 62 
TABLE VIII 
Additional Data. 
Natural Temperature 
Leak in °c. 
.1 24 
.9 23 
.3 23 
.25 27 
.1 25 
.5 22 
.5 25 
.5 25 
.5 21 
.25 23 
.5 30 
.5 30 
1.5 26 
.5 26 
.5 30 
Density 
1.03'7 
1.036 
1..040 
1..007 
1.005 
1..048 
1.105 
1.040 
1.1.04 
1..120 
1.101 
1.001 
1.001. 
1.028 
1..001. 
(Continued on next page} 
Waters. weather 
Siliceous Clear 
os·wald 
Siliceous Clear 
Dakota Clear 
Tap Rain 
Hain Rain 
Sil.iceous Clear 
Oswald Clear 
Siliceous Clear 
Oswald Clear 
Drilling Clear 
Drilling Clear 
well Clear 
Well Clear 
.urilling Cl.oudy 
Distilled Clear 
Well no Humid-
ity i 
J_6 48 
17 54 
18 48 
19 47 
20 53 
21 38 
22 44 
23 35 
24 35 
25 42 
26 42 
27 48 
28 53 
TABLE VIII 
Additional Data Continued) 
Natural Temperature Density 
1n °c. leak 
.3 27 l . 003 
.5 23 1.041 
.25 26 1.003 
.5 27 1.003 
.25 24 1.004 
.25 26 1..002 
.5 29 1.003 
.3 27 1.002 
.3 31 1.084 
.1. 30 l.003 
,.2 29 1.002 
.25 30 1.108 
.1 30 1.040 
***~********~*** 
waters ~eather 
!' ell Cloudy 
Drilling Clear 
vel.l Clear 
i'vell Clear 
·1vell Clear 
1 011 Clear 
'fell Clear 
well. Clear 
Drilling Clear 
,~ell Clear 
ae11· Clear 
uswal.d Glear 
Siliceous Clear 
CONCLUSIONS 
The emanation was measured from twenty-eight samples 
of water taken from different parts or the county and at 
different depths. ·rhe amount of emanation varied from 
. -12 zero curies per liter to 109 ,.869 x 10 curies per liter. 
No relation between the depth of the wells and the 
amount of emanation was found. However, a tendency towards 
increased emanation appeared in samples from the west-
oentral part of the County , (the well in S9- Tl3- Rl9W shows 
a much grater amount of emanation than any of the other 
wells). 
The half-life period for the emanation was found to 
be about 1.85 days, which is about half as long as that 
given for radium emanation. 
The amount of moisture in the air seemed to have no 
effect upon the natural leak of the elec troscope; neither 
did the condition of the weather. 
Referring to 1able VII, it is to be observed that in 
some instances E0 exceeds E • This might be explained in max 
part by suggesting that since Emax was determined three hours 
after E0 , the radioactive transformation of the sample had 
progres s ed to .an advanced stage, and therefore considerable 
of its ionizing power had been previously expended. ~here 
is this possibility , however, that in the three-hour interim 
a portion of the emanation may have escaped through diffusion 
or condensation, which on the face of my technique looks 
ra ther improbable. 
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